Pb(P03)2 i s no exception, with a sof;ening point a t 3 5 0 '~ and dissolving a t 9 0 '~ i n d i s t i l l e d water a t the r a t e of s e v e r a l g.m-2.day-1.
Recently i t has been found t h a t the a d d i t i o n of i r o n , although increasing the softening point by only 100-150°c, hugely improves t h e r e s i s t a n c e of the g l a s s t o chemieal a t t a c k ( 1 ) . Since i r o n i s a major c o n s t i t u e n t of nuclear waste m a t e r i a l t h i s ternary phosphate i s a n a t u r a l candidate f o r a nuclear waste disposal g l a s s .
Phosphate glasses a r e believed t o have a s t r u c t u r e akin t o t h a t of t h e i r
c r y s t a l l i n e counterparts, c o n s i s t i n g of polymeric chains of PO4 t e t r a h e d r a with the oxygen atoms a c t i n g as bridges between adjacent u n i t s . I n binary phosphate glasses the modifying c a t i o n i s considered t o a c t as a weak l i n k between adjacent chains.
Where ternary phosphate g l a s s e s a r e concerned, the environments of the two d i f f e r e n t modifying cations cross-linking t h e polyphosphate chains may w e l l be very d i f f e r e n t from each other. I n p a r t i c u l a r f o r FexPbl-,(P03)2 g l a s s e s , i n d i r e c t evidence from
Mossbauer, Raman and ESR s t u d i e s points t o t h e Fe providing a stronger l i n k than the Pb which may explain the chemical r e s i s t a n c e of t h i s glass t o aqueous a t t a c k (2).
W e have turned t o EXAFS t o quantify the atomic environments around the modifier atoms. Our r e s u l t s shed more l i g h t on t h e s t r u c t u r a l b a s i s proposed as an explanation of t h e corrosion r e s i s t a n c e shown by t h i s i n t e r e s t i n g phosphate g l a s s .
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JOURNAL DE PHYSIQUE Sample preparation and experimental d e t a i l s a r e given elsewhere ( 3 ) . The EXAFS s p e c t r a on the i r o n K and lead LIII edges f o r a g l a s s of composition Fe0.22Pb0.78(PO~)~ a r e shown i n F i g 1. There i s l i t t l e doubt t h a t the s p e c t r a a r e q u i t e d i f f e r e n t , i n d i c a t i n g d i f f e r e n t l o c a l geometries f o r the two modifying cations i n t h i s glass. The higher frequency of t h e o s c i l l a t i o n s i n the Pb EXAFS compared t o those i n the Fe EXAFS i n d i c a t e s t h a t t h e Pb-0 distance i s considerably longer than the Fe-0 distance. XANES.spectra on t h e phosphorus K edge were a l s o measured ( 3 ) :
the s p e c t r a from t h e glasses c l o s e l y match those of Pb2P207, strongly suggesting t h a t t h e phosphate groups i n t h e glasses a r e polymerized. 
EXAFS Data Analysis
The EXAFS s p e c t r a were analyzed using t h e rapid curved-wave theory (4) by means of t h e Daresbury online data a n a l y s i s programs (5). Phase s h i f t s f o r Pb, Fe and 0
were taken from t h e SRS EXAFS d a t a bank (6). Apart from t h e phase s h i f t s , t h e o t h e r
EXAFS parameters used were shake-up, shake-off f a c t o r s o. f 0.7 f o r Fe and 0.8 f o r Pb and a photoelectron self-energy whose imaginary p a r t was 2eV. The photoelectron energy zero E was s e t a t 10eV f o r both edges i n the c r y s t a l l i n e model compounds and a t 20eV i n t h e g l a s s e s , which a r e more i n s u l a t i n g .
I n analyzing t h e oxygen s h e l l s of t h e glasses i t was immediately evident t h a t the r e s i d u a l s t a t i c disorder i n t h e Fe-0 distances was smaller than t h a t f o r t h e
Pb-0 distances. Because of t h e s t r o n g c o r r e l a t i o n s between coordination number and Debye-Waller f a c t o r we express our r e s u l t s i n terms of the cation-oxygen r a d i a l d i s t r i b u t i o n functions P ( r ) , using an approach used previously f o r s i l i c a t e glasses (7). Rather than assume a Gaussian d i s t r i b u t i o n f o r t h e complete cationoxygen coordination sphere, t h i s was i n s t e a d divided i n t o a number of subshells.
This allows us t o reproduce asymmetric d i s t r i b u t i o n s r a t h e r simply. Least squares f i t t i n g revealed t h a t t h e Pb-0 d i s t r i b u t i o n s , containing about 8 oxygen atoms, were
brpader than i n t h e c r y s t a l l i n e oxide Pb02 whereas the Fe-0 d i s t r i b u t i o n , containing about 6 oxygen atoms, were narrower than those of both haematite and magnetite.
Also whereas t h e Pb-0 environments i n t h e glasses were found t o be asymmetric, the 
h a t i n the iron-lead phosphate g l a s s e s t h e r a d i a l d i s t r i b u t i o n function
f o r t h e neighbours of lead, as well a s being twice t h e width of t h a t f o r i r o n , i s a l s o skewed towards s h o r t e r distances. I n t e r e s t i n g l y , the two p a i r d i s t r i b u t i o n s do n o t vary strongly with g l a s s composition ( 3 ) . W e a l s o draw a t t e n t i o n t o the mean cation-oxygen distances. The mean Pb-0 d i s t a n c e i s considerably longer than t h e mean Fe-0 distance. This, combined with t h e considerable d i f f e r e n c e i n t h e
widths of t h e d i s t r i b u t i o n s demonstrates t h a t t h e r e i s a s u b s t a n t i a l d i f f e r e n c e between t h e modifying r o l e s played by lead and i r o n i n phosphate glasses. Thus t h i s EXAFS study provides a s t r u c t u r a l b a s i s f o r understanding t h e s t r i k i n g corrosian-
r e s i s t a n t p r o p e r t i e s of iron-lead phosphate glasses. 
A Model f o r Corrosion Resistance
Although corrosion i s n e c e s s a r i l y i n i t i a t e d a t the glass-liquid i n t e r f a c e , t h e r a t e of corrosion i s bound t o be r e l a t e d t o t h e mobility of the dissolving atoms as they migrate t o the s u r f a c e and t o the d i f f u s i o n of solvent ions from t h e s u r f a c e i n t o the bulk. As one of us has already proposed f o r s i l i c a t e glasses (a), t h e most l i k e l y percolation pathways f o r modifying cations a r e through t h e channels t h a t separate t h e network regions. I n the ternary g l a s s e s , polyphosphate chains wind
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JOURNAL DE PHYSIQUE randomly through t h e s t r u c t u r e , cross-linked by modifying c a t i o n s . The "slack1' i n the s t r u c t u r e generated by d i s o r d e r i n t h e (PO4), chains i s taken up by t h e lead s i t e s , w i t h t h e i r o n s i t e s occupying r e g u l a r environments as t h e EXAFS r e s u l t s demonstrate. The i r o n c e n t r e s , being more t i g h t l y bound, a r e l e s s l i k e l y t o d i f f u s e and s o w i l l a c t a s "knots1' i n t h e s t r u c t u r e t h a t w i l l block t h e passage of t h e l a r g e r l e a d atoms through t h e channels. Since t h e s e pathways w i l l a l s o be t h e p r i n c i p l e ones f o r nuclear waste c a t i o n s i t i s c l e a r t h a t pockets of l e a d , i s o l a t e d by i r o n c e n t r e s , w i l l i n h i b i t d i f f u s i o n of o t h e r c a t i o n s . That being s o , i f t h e modifier regions i n t h e phosphate g l a s s a r e s t a b l e a g a i n s t i n t e r -d i f f u s i o n , then t h e formation of t h e (POI,), chains w i l l a l s o be s t a b i l i s e d , l e a d i n g t o good corrosion r e s i s t a n c e a g a i n s t aqueous a t t a c k .
